A recent study reported for the first time, that DNA methylation of the KITLG gene mediates the association between childhood trauma and cortisol stress reactivity. Our study aimed to provide the first independent replication of these findings. ESPRIT is a prospective study of community dwelling participants (age ≥65), randomly selected from the electoral rolls of the Montpellier district, in France. Clinical depression was assessed using the Mini-International Neuropsychiatric Interview (MINI, French version 5.00), and the Centre for Epidemiological Studies Depression Scale (CES-D). Experiences of childhood adversity were ascertained via a 25-item questionnaire. Morning, evening and diurnal salivary cortisol was measured under basal and stress conditions and determined using direct radioimmunoassay analysis. DNA methylation of the KITLG gene was quantified in whole blood using the SEQUENOM MassARRAY EpiTYPER platform. A significant negative association was observed between KITLG DNA methylation and both morning cortisol (β = -1.846 ± 0.666, p = 0.007) and diurnal cortisol (AUC) (β = -19.429 ± 8.868, p = 0.031) under a stress condition. However only the former association was significant after correcting for multiple testing. Further, this association remained after adjusting for age, sex and depression status. No significant association was observed between childhood trauma and KITLG DNA methylation in this older population.
Introduction:
Severe or repeated stress or trauma has been shown to result in long-term disruptions in stress signaling (Lupien, McEwen, Gunnar, & Heim, 2009 ). This in turn has been associated with an increased risk of mental health problems over the lifetime, including mood and addictive disorders (Gilbert et al., 2009) . It remains unclear however, how trauma can have an enduring effect on the risk of disease, which can occur years and even decades after the initial exposure.
The hypothalamic pituitary adrenal (HPA) axis plays an essential role in stress signaling. In response to stress, the HPA axis releases a cascade of hormones that stimulate the secretion of glucocorticoids (i.e. cortisol in humans), which influences a broad range of physiological processes (Gaffey, Bergeman, Clark, & Wirth, 2016) . Cortisol secretion is thus used as an indicator of HPA axis responsiveness to stress. Disrupted cortisol secretion is a feature of a number of psychiatric disorders (Beluche et al., 2009; Morris, Compas, & Garber, 2012) .
Abnormal cortisol secretion and blunted cortisol response have also been reported following early-life stress (Doom, Cicchetti, & Rogosch, 2014) , and can remain stable persisting into later life (Olff, Guzelcan, de Vries, Assies, & Gersons, 2006) .
In recent years, interest into the molecular mechanisms which account for the long-lasting and persistent effects of stress has been increasing. Accumulating evidence indicates that stress and trauma can impact the epigenome and these changes can remain stable with the potential for long-term health effects (Gluckman & Hanson, 2004) . The epigenome, the collection of potentially reversible modifications which regulate gene activity, is responsive to environment.
Adult females reporting childhood adversities had an increased risk of developing depression and were also found to have lower methylation levels of the monoamine oxidase A (MAOA) gene, involved in the metabolism of neurotransmitters (Melas et al., 2013) . Most consistently reported however, has been the association between early-life stress and increased glucocorticoid receptor DNA methylation (NR3C1), another major component of HPA-axis signalling. For example, retrospective reporting by adults of parental loss, lack of parental care or maltreatment in childhood, has been associated with increased NR3C1 DNA methylation in blood (Tyrka, Price, Marsit, Walters, & Carpenter, 2012 ). Furthermore, differential NR3C1 DNA methylation in adulthood has also been linked to an attenuated cortisol stress response (Tyrka et al., 2012) . Recently, findings have been published from the first study to investigate DNA methylation patterns associated with cortisol stress reactivity, using an epigenome-wide approach (rather than focusing on specific candidate genes) (Houtepen et al., 2016) . The investigators identified a locus (KITLG) where DNA methylation was significantly correlated with cortisol stress reactivity in a cohort of 85 healthy adults aged 18 to 69 years. The KITLG protein, otherwise referred to as stem cell factor (SCF), mast cell growth factor or steel factor, promotes cell survival, proliferation, differentiation, adhesion and functional activation (Ashman, 1999) . It is essential for haematopoiesis, melanogenesis and fertility. It appears to be important for mast cells, which are cells of the immune system that increase their activity in response to cortisol (Ashman, 1999; Nautiyal, Ribeiro, Pfaff, & Silver, 2008) . DNA methylation at this loci was also observed to mediate the association between increased childhood trauma and lower cortisol reactivity in adulthood (Houtepen et al., 2016) . This finding furthers our understanding of how KITLG methylation may help regulate the stress response, and provides a mechanism that could possibly explain the varying resilience to toxic environments that has been observed within the population. To date no other study has reported replication of these findings. The primary aim of this study is to determine whether KITLG DNA methylation continues to be associated throughout life with cortisol response by examination of an older cohort. If a significant association is observed, a secondary aim is to determine whether retrospective reporting of childhood trauma is also associated with KITLG DNA methylation.
Methods:

Study participants:
The data for this analysis was derived from a large, on-going prospective population study; the ESPRIT study (Enquete de Sante Psychologique -Risques, Incidence et Traitement) (Ritchie et al., 2004) . Community dwelling participants aged 65 years and over were randomly selected from the electoral rolls of the Montpellier district, in France. When inclusion criteria were not met, or a participant did not accept the offer to participate, a further random sample was selected from the same electoral roll in order to maintain a representative sample. After providing written informed consent, participants responded to general and health questionnaires, and completed standardized neurological and psychiatric examinations (Ritchie et al., 2004) . Biological samples, including whole blood for DNA methylation analysis, were also extracted at the time of this examination. The ESPRIT study protocol was approved by the Ethical Committee of the University Hospital of Kremlin-Bicetre, and all procedures were undertaken with verbal and written consent of the participants. The ESPRIT study is ongoing with continual follow-up of participants.
After obtaining written informed consent from all participants, they were administered interviews by trained staff and underwent a number of clinical examinations at baseline and every two years thereafter.
This study is based on a sub-sample of 142 participants who participated in the salivary cortisol study, had complete and valid data for these measures and also provided blood samples for DNA extraction and KITLG DNA methylation analysis (see Supplemental Methods).
Childhood adversity:
The Childhood Adversity Questionnaire ) was administered to the participants at the third wave of assessment (four years after recruitment) by which time a close relationship had been formed between participants and the interviewers, permitting the request for sensitive information. The questionnaire lists 25 adverse childhood events and the participants indicated whether or not had experienced these. For this analysis we considered two of the major events which were experienced by a number of participants: physical and/or sexual abuse and death (including suicide) of a parent. We also considered the total number of adverse events from the 25-items.
KITLG DNA methylation:
The KITLG gene encodes the ligand of the tyrosine-kinase receptor. This gene is pleiotropic.
In utero it is involved in neural cell development, while in adults is required for haematopoiesis.
Using the Epidesigner software (http://www.epidesigner.com/), an assay was designed to amplify a 258bp region of the gene, just downstream of the CpG island (Ch37hp19; chr12: 88973136-88974846) ( Supplementary Figure 1) . This region was chosen to include the CpG site identified by Houtepen et al (2016) . The measure of DNA methylation is described in the Supplemental methods.
Statistical analysis:
All statistical analyses were performed using Stata 15 (StataCorp, College Station, TX, USA).
A paired t-test with equal variance was used to measure potential differences between participant's cortisol levels under basal and stress conditions. A univariate linear regression model was used to determine the association between KITLG methylation (%), at each of the seven CpG units, and cortisol levels (morning, evening (ng/dL) and diurnal (AUC)) (Model 1).
A number of a priori covariates were then included in a multivariate regression analysis: initially age and sex (Model 2) as key covariates, and then depression (Model 3) (Ancelin et al., 2013) , thus replicating covariates modelled by Houtepen et al (2016) . To reduce the risk of false positive findings a more stringent p-value of 0.01 was applied.
The association between participant's experiences of childhood trauma (e.g. parental death, or childhood abuse) and KITLG methylation (log-transformed to normalise) was first investigated using an independent t-test with unequal variances, an ANOVA (for the three categorical variable of number of adverse events) or a simple linear regression model (when the number of adverse events were treated as a continuous variable). As no significant associations were observed, no further analysis was performed.
Results:
The 142 participants included in this study ranged in age from 65 to 80 and nearly half were female (Table 1) . A small number of individuals (n = 22) had clinically significantly depression. Of the 128 participants providing a measure of childhood adversity, a total of 20.3% participants indicated their parents had died during childhood, and 14.8% of individuals reported childhood physical or sexual abuse. The mean levels of cortisol measured in the morning, evening or total cortisol across the day (AUC), under both basal (non-stress) and stress conditions, are also shown in Table 1 .
[ Table 1 
near hear]
The KITLG assay quantified methylation at seven CpG units located within a 258bp region of the gene. Overall, mean methylation was low (2.4 ± 3.0%), with CpG unit 2.3 having the highest mean methylation (5.0 ± 7.9%) and CpG unit 5 the lowest (0.6 ± 1.1%) (Figure 1 ).
[Figure 1 near hear]
None of the seven CpG units were associated with basal cortisol levels ( Supplementary Table   1 ). On the other hand, CpG 2.3 was significantly negatively associated with morning cortisol levels under the stressful condition ( Supplementary Table 2, Figure 2a ), even after applying a more stringent p-value (p<0.01). In multivariate models, this association between CpG 2.3 KITLG DNA methylation and morning cortisol levels remained after adjusting for age and sex, as well as further adjustment for clinical depression ( Table 2) . However, when adjusting for multiple testing (p<0.01), this association is no longer significant.
[Table2 near hear]
Similarly, a significant negative association was observed between CpG 2.3 KITLG DNA methylation and total cortisol secretion across the day (AUC) under the stress condition ( Supplementary Table 2, Figure 3b ). Despite remaining significant when controlling for age and sex, adjusting for multiple testing deemed this association no longer significant ( Table 2) .
[Figure 2 near hear]
No association were found between childhood trauma and KITLG DNA methylation, at any of the CpG units ( Table 3) . This includes no significant association between the number of adverse events experienced (in four categories) and KITLG methylation (p between 0.099 and 0.893 for each of the CpG units). These results remained non-significant when adverse events was treated as a continuous variable (p between 0.116 and 0.93 for each of the CpG units).
[ Table 3 near hear]
Discussion:
Severe or chronic stress and trauma can result in long lasting disruptions in cortisol secretion which negatively impact health outcomes. The molecular mechanism accounting for these persistent effects is unclear, but accumulating evidence suggests a role for epigenetic processes, including DNA methylation, which can result in stable changes in gene expression.
As the first study to investigate epigenome-wide DNA methylation patterns correlated with cortisol levels, Houtepen et al (2016) measured saliva cortisol over a 90 min period in a cohort of 85 healthy Dutch individuals (mean age 33 years), given a stress induction task (Houtepen et al., 2016) . This task, a version of the Trier Social Stress Test (TSST), involved public speaking and completing an arithmetic task. The researchers identified that a locus within the KITLG gene (cg27512205), was most strongly associated with cortisol stress reactivity, with increased methylation corresponding to lower cortisol levels (AUCi). While this association was not significant when adjusted for multiple testing, they replicated these findings in blood samples from a multiethnic cohort of 45 adults (mean age 28 years), and in buccal cells from 255 caucasian adolescents (mean age 17 years) (Houtepen et al., 2016) . The investigators further determined that childhood trauma (a 25 item self report questionaire) was positively associated with KITLG DNA methylation, and that DNA methylation mediated 32% (p = 0.05) of the association between childhood trauma and cortisol stress reactivity. This latter finding, however, was only identified in one of their cohorts consisting of 85 healthy Dutch individuals, without major depression.
We have conducted the first independent study in an attempt to replicate these findings. In our study of older community-dwelling Caucasians, KITLG DNA methylation was negatively associated with cortisol levels under naturalistic stress conditions. Associations were found with both total cortisol throughout the day (AUC) and morning cortisol levels, but not with evening cortisol levels. Interestingly, the latter appears to be more susceptible to environmental influences (Ancelin et al., 2013) . Our study thus provides the first independent replication of findings published in the younger cohort (Houtepen et al., 2016) , however, the exact site of differential methylation varied; CpG 2.3 in our analysis, whereas the locus identified previously corresponds to our CpG 1. The reasons for these differences remain unclear.
Overall, KITLG DNA methylation levels in our study were much lower than those in Houtepen et al., (2016) ; specifcally at CpG1 the mean level of methylation in our study was 1.6% compared to 15.0% in the prior study. These could be true differences, reflecting the unique features of the two cohorts, including our sample aged over 65 years, however it could also be due to the different methodolgies used to measure DNA methylation. Methylation was quantified using a probe based array method (Illumina HumanMethylation 450k) in Houtepen et al (2016) whereas we applied a candidate gene approach with Mass Spectroscopy (Sequenom MassARRAY). Both studies also differ regarding the type of stress (laboratorytype stress versus our naturalistic condition), and protocol for cortisol sampling (afternoon versus our diurnal cortisol sampling). However, despite these differences, as well as populations with different ages (with the HPA-axis becoming more vulnerable to dysregulation in later life and with increased cortisol response to challenge in the elderly (Otte et al., 2005) , comparable patterns of associations were observed.
Interesting, the association between CpG 2.3 methylation and cortisol was weakend and less significant when clinical depression was included as a covariate. In the study by Houtepen et al, current major depression was only significantly associated with childhood trauma, although they did not include cases of significantly high depressive symptomatology which did not meet criteria for a major depressive episode, and thus reducing generalizability to the wider population.
We found no association between retrospective reporting of childhood trauma and KITLG DNA methylation, which contrasts with the previous findings (Houtepen et al., 2016) . In both studies, childhood trauma was measured using a self-report, retrospective questionnaire, although these asked a different set of questions and were considered binary variables (yes/no trauma), whereas Houtpen's scores were on a continuous scale. Furthermore, their measure of childhood trauma was a total score, the sum of individual questions, whereas we examined specific types of trauma (severe and abuse), as well as the number of traumatic events.
However, despite the lack of significance, there was some evidence of a weak association between the experience of severe trauma and DNA methylation at a number of CpGs (i.e. 2. 3, 4, 5, 6, 9 & 22) , in the direction that those who experienced death of a parent, severe trauma or abuse were more likely to have higher levels of KITLG methylation.
In both our study and the initial report, these retrospective childhood questionnaires are subject to recall bias and under-reporting. The longer time since the occurrence of these events may further reduce accuracy in an older cohort, although death of a parent and physial abuse are highly unlikely to be forgotten. Other possible limitations of our study need to be considered when interpreting the results. Despite being a reasonably sized sample and larger than the discovery cohort of the original publication we were replicating, our sample was still underpowered to detect very small differences in KITLG DNA methylation between groups. Furthermore, only a sample of the original ESPRIT cohort was included in this analysis, as these were the individuals where we had completed KITLG DNA methylation as well as duirnal cortisol levels. The heterogeneity of cell types in whole blood, which was used to measure KITLG DNA methylation, must be kept in mind when interpreting these findings (Bakulski et al., 2016) . However, Houtepen et al replicated their findings from whole blood in buccal tissue, which suggests that the observed KITLG methylation results may not be tissue specific. In the context of an older population, both salivary cortisol and whole blood provide a non-invasive, flexible, less stressful approach to measuring cortisol and DNA methylation The KITLG gene encodes the ligand that activates the receptor tyrosine kinase KIT (Mirabello, Kratz, Savage, & Greene, 2012) , which is responsible for promoting proliferation, migration, survival and differentiation of hematopoietic progenitors, melanocytes and germ cells (Lennartsson & Ronnstrand, 2012) . Only a few previous studies have investigated KITLG DNA methylation. Lower methylation has been associated with a specific form of cancer (Mirabello et al., 2012) , as well as with psychiatric disorders such as schizophrenia and bipolar disorders (Boks et al, 2016) . It is also unclear what the exact functional consequences of DNA methylation in this region would have on gene expression. However, the location of the KITLG CpG 2.3 sites are within a region enriched for H3K27 acetylation. This is a histone modification more commonly associated with promoters and enhancers (i.e. active regulatory elements), and is considered to play an important role in gene expression (Creyghton et al., 2010) . This suggests that methylation of this gene region could play a functionally significant role. However, it should be noted that the site analysed by Houtepen is located within the CpG island shore, a region commonly associated with gene expression, whilst CpG 2.3 was located within the island itself. Nonetheless, the increased expression of the glucorticoticoid receptor (GRα), a functionally important receptor of the stress response system, when erythroid precursors are exposed to the KITLG protein (i.e. full length human KITL) further supports this, and suggests a possible role of KITLG during the stress response (Varricchio et al., 2012) .
In conclusion, we report a significant association between increased KITLG methylation and decreased cortisol stress response in an older population. This independently replicates the correlation previously measured in a younger cohort, thus suggesting that KITLG gene may continue to regulate the stress response throughout the life-span. On the other hand, we were not able to replicate the correlation between childhood trauma and KITLG methylation. Further studies are required to better understand the relevance of this gene in mediating stress reactivity, and the potential of KITLG methylation to cause a lasting modulation of cortisol secretion.
The datasets analysed during the current study are available from the corresponding author on reasonable request.
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Supplemental methods:
Study participants:
Clinical depression was defined as those being diagnosed with major depressive disorder (MDD), as measured by the Mini-International Neuropsychiatric Interview (MINI, French version 5.00) (Sheehan et al., 1998) , according to DSM-IV criteria, and/or having high levels of depressive symptomatology (score ≥16 ) according to the Centre for Epidemiological Studies Depression Scale (CES-D) (Radloff, 1977) . Compared to the full ESPRIT population, participants included in this analysis were younger, less likely to be female and lower rates of clinical depression (p<0.01). However, the frequency of childhood events reported were similar between excluded and included individuals.
Cortisol measure:
Salivary cortisol was measured at four points during the day under two contrasting conditions; at home, considered a basal measure, and on the day of clinical examinations for the study, considered a naturalistic stress condition (Beluche et al., 2009) . Given the normal fluctuation of cortisol across the day, which increases shortly after awakening and then decreases across the day, participants were asked to collect their first sample one hour or more after awakening.
Samples were then subsequently collected after an additional 3hrs (midday cortisol), 7hrs (afternoon cortisol) and 14hrs (evening cortisol). This non-fixed, four sample protocol was selected to help ensure compliance in this older population. For all samples, individuals were instructed not to eat, drink or smoke at least 30 mins prior to saliva collection. As expected, cortisol levels were significantly higher in the stress versus basal conditions (Ancelin et al., 2013) . Individuals without a typical eucortisolemic pattern, including a decline throughout the day, or who were being treated with mediations know to influence cortisol levels, were excluded. Measures of salivary cortisol were derived from direct radioimmunoassay (Diagnostic Systems Laboratories-Webster, Texas) with intra-assay and inter-assay coefficients of variation averaging 5%.
Given that the protocol involved non-fixed time sampling, cortisol levels were calculated at fixed times from regression of the four log-transformed cortisol values on the sampling times (Ancelin et al., 2013) . Diurnal cortisol (AUC) was calculated between 0800 and 2200 hours, for each subject and both conditions (basal vs. stressful), using standardized values extrapolated from the equation of the regression line, on the hour of sample collection, as previously described (Beluche et al., 2009) .
KITLG DNA methylation:
DNA was extracted from whole blood sampled at baseline using a salt and ethanol-induced Mean methylation was determined from technical triplicates for each of the seven predicted CpG units (1, 2.3, 4, 5, 6.8, 9 and 22) . Values deviating 10% above or below the median methylation were removed. (Sheehan et al., 1998) diagnosis of major depressive disorder according to DSM-IV criteria, and/or high levels of depressive symptomatology according to the Centre for Epidemiological Studies Depression Scale (CES-D), with a score ≥16 (Radloff, 1977) . 2 History of cardiovascular ischemic pathologies (angina pectoris, myocardial infarction, stroke, cardiovascular surgery, arteritis). 3 MMSE: Mini-Mental State Examination. 4 From a total of n = 128. 5 From a list of 25-items, including physical, sexual and verbal abuse ). 6 Ln of cortisol concentration (expressed as ng/dl). 
